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Sir: 



I, Andrew Chan, M.D., PkD., do heneby declare a£ ffaUowg; 



1. I am a piincipal investigator at Washington Univccsity School gf Medicine, 
Deparnnent of Intemal Medicine^ iu St. Louis, ML 

2, I have read and uaderstand the abcve^idemifLed U.S. pat^t applicadon Serial No. 
09;3S5.214. I have also read and undef$tHnd the final Office Actioa in this case, dated 
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8 December 2000. I am familiar with tb6 Bjcainmef's position tbat Hie specificatiQii does not 
support tbat BLNK proteiiifl have a specific aad substandal utility. I am also familiar with the 
Examiner's position chat publicadons of recotti (attached hereto) cooceming BLNK proteia 
fujDCti on do not support a credible, specific and eub^tial utility for the daazned BLNK proteia 
compositions. 

3. I disagree wiOi tte Examinear's position that the spedficolioD docs not support a 
sj^ecific and 5ub:stantiaL utility for the claxmi^d BLNK protein raoipositiQas. 

4. I di sagrae with the Eyaminer' s position tbat publi catioAfi of record (attedied hereto) 
concemii^ BLNK proteta function do not support a credible, specific and 5ub$tantial uHlity for 
the claimed BLNK proteia composiiions. 

5. The spedfication asserts a number of char^ctedstics and functions for BLNK 
proteins which indicate that the claimed BLNK pnitdn compositions have utili^. Specifically^ 
given the a? ^ertioxi^ at page 6, lines 11-15 that BLNK pn>tein h tyrosine pho^phoiyJated Syk 
followingB cell r&ceptor activation, and at page 20. lines 6-S ibatBLNKprocdn binds to Gtb2^ 
PLCy , Nek and Vav^ and regulates calcium levels and modulates cytoskeletiil o)(ganization;, and 
at page 1 9, lines 28-29 that BLNK protein is critical for B cdl receptor mediated response and 
B cell functiotL^ I would ^ect to be able to use the daimed ELNlC protein cocnpositians for a 
specific^ credible, real'world utility^ for example ^ catlined in fhe specification at page 23 , lines 
4"'| 1 v/hich describes the use of BLNK proteiiii for scceenins bioactive agents for an abiEty to 
modoJat© BLNK protein actiivity- 

6- Attached hereto are two published journal artides of jecoti concerning BLNK 
protein fimction, Pappu et al., Science 286:1949-1954, 1999, andMin^hi et. al.. Science 

286:1954-1957, 1999. lamseniorauthorontfaefonaerpapi^ aadaco-aul£hQrontheIan;erpApc^ 
The results disdowd in these two papers confirm tlie accuracy of my expecfcalicms from readiag 
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the present application. Spedfically, Pappu et, aJ disclose BLNK gene fiindioQ is reguio^ for 
normal D cdl deveLopmeai; wUle Mincgl^hi al. disclose that loss of BLNK gea« functioa in 
humm is associated wilh early onset hypogammaglobuUneixiia aad tiie absence of matune B 
cells. These results stipportthe assertion setforlliinthelnstaiitspccnficatloiithat 
are critical for B cdl funcfioik, md fiothci: wpport that tlie claimed BLMK procdia compositions 
have credibie, specific and substantial udlily. 

■ 

7. I declare fliiiiher thai all statements iziade herein of my own knowledge are tnx^ and 
that all stBtemwts made on iDfpnn4tion wd belief are briieved to be trae; and fiirther thst these 
atatemezits were made with the kaowl edge that the xnaidng of wiUfid fklse statements mi ibe like 
are punishable by fineorimpiisonm^^ or both, under Section 100] ofTlde 18 of the United 
States Code and that $uc:h willful statements may jeopardized the validiiy of the application or 
any patent is^ingiher^on. 
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Table 2. Effects of simvastatin on trabecular bone volume and bone formation rates. Simvastatin was 
given in doses of 5 to 50 mg/kg/day by oral gavage for 35 days to (i) 3-month-old virgin female rats 
(experiment 1), (II) 3-mont In-old virgin female rats that had been ovariectomized within 7 days after the 
start of treatment (experiment 2), and (iii) 3-moath-old virgin female rats that had been ovariectomized 
2 months before treatment (experiment 3). In each experiment, the rats were weight matched and 
divided Into treatment groups of 10. The rats were lightly anesthetized with Isofluorane before 
ovariectomy. Animals were pair fed throughout the experimental period and body weights were 
determined weelcly. Values in parentheses are percent change from vehicle-treated controls. BV/TV, bone 
volume/tissue volume; Ocl, osteoclasts; BFR, bone formation rate; OVX/veh, ovariectomized rats treated 
with vehicle; hPTH, human PTH; ND, not determined. 



Treatment 



Trabecular bone 
volume (% BV/TV) 



BFR 

(fxm^/jjLm^/day) 



No. of Ocl/mm^ 
of bone surface 



Control 13.4 

Simvastatin (10 mg/kg/day) 18.6 

hFGF-1 (100 (xg/k^day) 21.4 

OVX/veh 6.9 

Simvastatin (1 mg/kg/day) 8,6 

Simvastatin { 1 0 mg/kg/day) 1 3.4 

OVX/veh 4.6 

Simvastatin (5 mg/kg/day) 9 

Simvastatin (10 mg/kg/day) 8.6 

hPTH (80 M-g/kg/day) 20 



Experiment 1 
1.4 

1.4* (+39) 
1.7* (+60) 

Experiment 2 
.87 

.41 (+25) 
2* (+94) 

Experiment 3 
0.58 

0.8* (+96) 
0.9* (+87) 
1.9* (+348) 



ND 
ND 

0.6 ± 0,1 
ND 

1.2 ±.11 (100*) 

0.151 ±0.01 
0.196 ± .021* (30) 
0.229 ± .034* (52) 
0.228 ±.025* (51) 



13.7 ± 1.2 
11.6 ± 1,4 (-15) 
7.5 ± 1,3* (-45) 

8 ± 0.2 
ND 

7 ±0.3 (-12.5) 

1.210.1 

0.9 ± 0.1 (-25) 
0.78 ± .06* (-33) 
0.84 ±0.15 (-30) 



* Significantly greater than control ( P < 0.01). 

with this process may lead to osteoclast apo- 
ptosis and cessation of bone resorption {18, 
20), We cannot exclude the possibility that 
the statins both inhibit bone resorption and 
promote bone growth, and we did observe a 
concomitant decrease in osteoclast numbers 
(Table 2). However, this effect appeared mi- 
nor in comparison to the effect on new bone 
formation and osteoblast maturation. 

The statins used in our studies and cur- 
rently on the market are not ideal for use 
as systemic bone-activation agents. These 
statins were selected for their capacity to 
lower serum cholesterol, which requires 
targeting to HMG Co-A reductase in hepat- 
ic cells. Thus, the concentration of statin in 
other tissues is much lower than in the 
liver. The most efficacious statins would be 
those that distribute themselves to the bone 
or bone marrow. A preliminary retrospec- 
tive analysis of older women taking lipid- 
lowering agents suggests that statin use is 
accompanied by greater hip bone mineral 
density and lower risk of hip fractures (rel- 
ative risk ~ 0,30) (2 J); however, the sam- 
ple size (598 statin users) was too small to 
yield definitive information. 

The most powerful anabolic agents for 
bone are the peptide growth factors intrinsic 
to the tissue. For example, systemically ad- 
ministered FGF-1 restores trabecular micro- 
architecture and increases bone volume (75). 
However, all of the peptide growth factors 
have disadvantages— they can be mitogenic 
to other bone cells and nonselective in their 
effects. In addition, the FGFs cause hypoten- 
sion, which limits their potential use in elder- 
ly patients {22). 

Our results suggest that statins, which are 



orally bioavailable and have been safely ad- 
ministered to patients for more than a decade, 
may merit further investigation as potential 
anabolic agents for bone. When the doses are 
extrapolated from humans to rats with respect 
to lipid lowering, the statins' effects on bone 
occur at doses similar to the lipid-lowering 
doses used in humans. 
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Requirement for B Cell Linker Protein 
(BLNK) in B Cell Development 

Rajita Pappu,^ ^ ^i^^ ^ Cheng/ -^-^ Bin li,^-^-^ Qian Cong,^-^'^ 
Chris Chiu/'2 Nancy Griffin/'^-* Mike White/*' 
Bariy P. Sleckman/'^ Andrew C. Chan^'^'^*'** 

Linker proteins function as molecular scaffolds to localize enzymes with sub- 
strates. In B cells, B cell linker protein (BLNK) linlcs the B cell receptor (BCR)- 
activated Syk kinase to the phosphoinositide and mitogen-activated kinase 
pathways. To examine the in vivo role of BLNK, mice deficient in BLNK were 
generated. B cell development in BLNK~^~ mice was blocked at the transition 
from B220+CD43+ progenitor B to B220+CD43~ precursor B cells. Only a small 
percentage of immunoglobulin + (lgM+ +), but not mature igM''*lgD''', B cells 
were detected in the periphery. Hence, BLNK is an essential component of BCR 
signaling pathways and is required to promote B cell development. 



Engagement of the BCR activates distinct 
families of cytoplasmic protein tyrosine ki- 
nases (PTKs) to phosphorylate enzymes that 
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are required for the generation of second 
messengers (7). In turn, the coordinate gen- 
eration of second messengers is important for 
normal B cell function because dismption of 
selected signaling pathways is associated 
with B cell anergy (2). Linker or adapter 
molecules play integral roles in linking the 
BCR-activated PTKs with these enzymes. 
One such linker molecule, BLNK (also 
known as SLP-65, BASH, and BCA), is phos- 
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phorylated by Syk after BCR activation and 
interacts with enzymes, including phospho- 
lipase C-7, Bruton*s tyrosine kinase, and 
Vav (a guanine nucleotide exchanger for the 
Rho-GTPases), as well as the Grb2 and Nek 
linker proteins (3-5). An essential role for 
BLNK in BCR activation was demonstrated 
in a chicken BLNK-^~ DT40 cell line that 
cannot increase the intracellular calcium con- 
centration ([Ca^^ ];) or efficiently activate the 
Erk-, JNK-, and p38-mediated signaling path- 
ways {6). 

To better define the expression pattern of 
BLNK, we developed an intracellular fluo- 
rescence-activated cell sorting (FACS) stain- 
ing assay for BLNK. Consistent with earlier 
reports (5, 5), BLNK expression was detected 
in peripheral B, but not T, lymphocytes (7) 
(Fig. lA). Analysis of bone marrow- derived 
cells showed the highest BLNK expression in 
early development, with progressively lower 
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expression during B cell maturation (7, 8) 
(Fig. IB). Hence, BLNK is expressed 
throughout B cell ontogeny and suggests a 
potential role for BLNK in B cell develop- 
ment, maturation, or function. 

To investigate the in vivo role of BLNK, 
we undertook a gene-targeting approach to 
generate and analyze BLNK" ^~ mutant mice. 
Because BLNK is a substrate of Syk and 
syk~^~ mice hemorrhage extensively in utero 
and die during the perinatal period (5. P), we 
were concerned that BLNK"^' mice might 
suffer a similar fate. In addition, gene target- 
ing of the BLNK homolog, SLP-76, results in 
mice that die from hemorrhage caused by a 
defect in collagen-induced platelet aggrega- 
tion {10). To circumvent the embryonic le- 
thality that may be encountered in germ line 
knockout mice, we also used the RAG2~'~ 
blastocyst complementation system to assay 
for BLNK ftmction in lymphocytes (77). The 



data presented here represent analyses from 
both approaches. 

Disruption of BLNK was accomplished by 
a targeted mutation of exon I, which encodes 
amino acids I through 60, including the ini- 
tiation codon {12) (Fig. 2A). For RAG2'^' 
blastocyst complementation, the BLNK'*' al- 
lele in the BLNK^^' embryonic stem (ES) 
clone was further targeted with a puromycin 
selection cassette to generate BLNK~^~ ES 
cells {13) (Fig. 2B). To generate germ line 
mutant mice, BLNK^^~ ES cells were inject- 
ed into B6 blastocysts to yield chimerae that 
were then crossed with wild-type B6 mice to 
generate BLNK^^~ germ line mutants. The 
genotypes of the mature offspring from such 
crosses occurred at the expected Mendelian 
ratios and the BLNK~^~ mutation did not 
incur any embryonic or perinatal lethality 
{14). Furthermore, mature BLNK~^'~ mice 
were healthy under specific pathogen-free 
conditions and did not display any evidence 
of gross hemorrhaging {14). To evaluate the 
developmental potential of BLNK~'~ ES 
cells, we also injected these cells into 
RAG2~^~ blastocysts to generate chimerae 
{R2:BLNK~^'') for direct analysis {15). 

To assess the effect of the mutation on 
BLNK expression, we used the Ly 9.1 sur- 
face marker to distinguish between bone mar- 
row cells derived from the RAG 2~'~ blasto- 
cyst (Ly 9. r ) and the BLNK" ES cells (Ly 
9.1 + ) {16). Whereas the B220+Ly 9.1+ cells 
from wild-type 129 mice and B220+Ly9,l- 
cells from RAG2~^'" mice expressed BLNK 
(Fig. 2D, left two bottom panels), no BLNK 
was detected in the B220+Ly9.1+ cells iso- 
lated from the R2:BLNK~^~ chimerae, as 
assessed by intracellular staining (Fig. 2D, 
bottom right panel). Similar to the results 
from the R2:BLNK''~ chimerae, no BLNK 
protein was detectied in cell lysates of total 
bone marrow from germline BLNK~^~ mice 
{17) (Fig. 2E). 

The effects of BLNK deficiency on lym- 
phocyte development in vivo was examined 
by analyzing cells isolated from primary and 
secondary lymphoid organs. Consistent with 
the absence of BLNK expression in T cells, T 
cell number, development, and function were 
normal in both BLNK~^~ germ line and R2: 
BLNK~'~ chimeric mice {14. 18—20). In con- 
trast, an ~65% reduction in splenocyte num- 
ber was found in BLNK"^" mice as compared 
to BLNK-^^"" mice {18). Because the 

development and function of peripheral T 
cells were normal {14, 19\ we fiirther inves- 
tigated the nature of this defect by analyzing 
the B cell compartment in primary and sec- 
ondary lymphoid organs. Although the num- 
bers of cells recovered from the bone marrow 
oiBLNK^'^ and BLNK~^~ mice were simi- 
lar {18), bone marrow cells from BLNK~^~ 
germ line and R2:BLNK''~ chimeric mice 
displayed a profound block in B cell devel- 



Fig. 1. Expression of 
BLNK in lymphocyte 
development. (A) BLNK 
is expressed in murine 
B, but not T, cells. CDS"^ 
(left panel) or ^120^ 
(right panel) splenocytes 
isolated from C57BL/6 
mice were analyzed 
by intracellular stain- 
ing with an antiserum 
to BLNK (shadowed ar- 
eas) or preimmune se- 
rum (solid line) (7). (B) 
BLNK expression during 
murine B cell develop- 
ment. Bone marrow- 
derived cells isolated 
from C57BL/6 mice 
were analyzed with 
four-color FACS anal- 
ysis (8). Cells stained 
for B220, IgM, and 
CD43 (left panel) or for 
B220, IgM, and IgD 
(right panel) were 
analyzed as described 
above. Each develop- 
mental subset— B220^ 
CD43'^lgM~ (pro-B cells; 
R1), B220+CD43~lgM- 
(pre-B cells; R2), B220+ 
IgW^ IgD" (immature B 
cells; R3). and B220+ 
lgM + |gD'° (mature B 
cells; R4)— was analyzed 
for BLNK expression (7). 
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opment. BLNK 



mice acciamulated that develop in BLNK ^ mice express a ma- 



B220+CD43+ progenitor B cells (pro-B cells) 
(2/) (Fig. 3 A). Consistent with the presence of 
pro-B cells, the levels of to DJ^ recombi- 
nation were comparable in BLNK'^^^ and 
BLNK~^~ bone marrow- derived cells (14). 
BLNK-^- mice had CD43+ pro-B cells but 
failed to develop B220^*CD43~ B cells, al- 
though a small percentage of B220+CD43" B 
cells was present (10.0 ± 8.7% for BLNK" 
versus 44.4 ± 14% for BLNK^^' +^+, /> < 
0.001, n = 11) {20) (Fig, 3A). Because the 
transition from the CD43^ to CD43~ stage is 
normally associated with a decrease in cell size, 
as measured by the forward scatter value (8% 
the B220-*"CD43'" B cells isolated from 
BLNK~^" mice remained large, in contrast to 
the smaller B220+CD43" B cells from 
BLNK'' ^- mice {14). In addition, the BLNK~ ^~ 
bone marrow (B lineage) cells failed to progress 
efficiently from the immature B220'°IgM'° (im- 
munoglobulin M, IgM) stage to transitional 
B220^°IgM''' or mature B220^'IgM+ stages 
(1.3% ± 0.9% in BLNK-^- mice for the latter 
two stages versus 13.1 ± 5 in BLNK^^^ 
mice, P < 0.001, n = 10) {20) (Fig. 3A). The 
small percentage of IgM'° bone marrow B cells 



ture surface BCR because many are also IgK"*^ 
(14). 

Analysis of splenocytes revealed a sub- 
stantial decrease in the numbers of IgM^ 
peripheral B cells (2.4 ± 2.6% for BLNK'^- 
versus 30.7 ± 6.2% for BLNK^^^ «^ , p < 
0.001, « = 10) {20} (Fig. 3B). As in the 
bone marrow, the fQV/ BLNK~^~ IgM"^ B 
cells found in the spleen were also larger in 
size than IgM"^* BLNK^^^^ B cells {14), Con- 
comitant with the profound decrease in pe- 
ripheral B cells in the spleen, IgM^ B cells 
were also reduced in the lymph node (Fig. 
3C). Hence, the absence of BLNK results in a 
developmental block that leads to reduced 
numbers of IgM^ cells in the periphery. Old- 
er BLNK~^~ mice (8 to 13 weeks old) 
showed increased numbers of B220"^ IgM"*" B 
cells [(1.4 ± 1.2) X 10^ B220+IgM+ cells, 
n = 8] as compared to younger BLNK~^~ 
mice [3 to 6 weeks old; (0.58 ± 0.31) X 10^, 
P < 0.001, n = 9]. In spite of this accumu- 
lation, these older BLNK~^~ mice still have 
more than 10 times fewer B220+IgM+ B 
cells than their age-matched BLNK^ «^ + 
counterparts [(19 ± 6.7) X 10^ B220+IgM+ 



cells in older BLNK^'^ mice, n = 6, 

versus (1.4 ± 1.2) X iO« B220-'IgM+ cells 
in older mice, P < O.OOl, « = 8] 

{20). 

Analysis for mature B cells revealed a 
marked reduction of B220'''IgM'*^ cells 
(<I%) in the bone marrow of young and old 
BLNK~^~ mice (Fig. 3A) {14), Mature 
IgM''*IgD''' cells were similarly reduced (<1%) 
in the periphery of young and old BLNK~^~ 
mice (Fig. 4, A and B). Staining with CD21 
revealed the presence of CD21 + IgM*'! T2 tran- 
sitional B cells and a reduction of CD2\^ IgM*** 
mature B cells (<!%►) in BLNK~'~ mice {22) 
(Fig. 4B). Consistent with the decrease in ma- 
ture B cells, semm Ig in older BLNK~^~ mice 
was significantly reduced as compared to the 
amount in wild-type mice {23) (Fig. 4C). 

The BLNK~^~ B cells that accumulated in 
the periphery of older mice further revealed a 
maturation defect in these cells. In contrast to 
BLNK^^^ mice, in which transitional 
B220+IgM+ ■*'IgD"^ B cells develop into ma- 
ture B220**'IgM'°IgD*»' B cells, and in con- 
trast to the B cells that accumulate in the 
X5-^- mice {24), BLNK'^' splenic B cells 
are larger in size and express higher mem- 
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Fig. 2. Generation of BLNK~^~ mice. (A) Targeting of BLNK. The genomic 
structure surrounding exon 1 of BLNK (top), the targeting construct 
(middle), and the targeted allele (bottom) are depicted (72). Exon 1 
includes amino adds 1 through 60 of the BLNK coding region. The 
correctly integrated construct converts the 14-lcb wild type into 9- and 
4.8-kb fragments wtien detected witfi the 5' and 3' probes, respectively. 
A GFP cDNA was also inserted into the targeting construct. However, GFP 
fluorescence was not detected in BiNK^'~ splenocytes or bone marrow- 
derived cells, which was lil<ely caused by transcriptional silencing of GFP 
by the PGK-neo cassette (72). (B) Targeting of the second BLNK allele. The 
genomic structure surrounding exon 1 of BLNK (top), the targeting con- 
struct (middle), and the targeted allele (bottom) are depicted (73). The 
correctly integrated construct converts the remaining 14-kb wild type into 
9- and 4.3-lcb fragments when detected with the 5' and 3' probes, 
respectively. (C) Southern (DNA) blot analysts of BLNK^''^, BLNK^^~, and 
BLNK~^~ mice. Bam Hl-digested tail DNA was separated by electrophore- 
sis and hybridized with the 5' probe to detect the wild-type and mutant 
fragments (73), Blotting with the 3' probe also revealed the predicted 
mutant 4.8-l<b fragment in BiWAr+'- and BLNK-'- mice (74). (D) Absence 
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brane IgM (Fig. 4B) {14), These IgM**' cells 
may represent B cells that have matured 
through the pro- to precursor B cell (pre-B 
cell) transition but are blocked in IgM signal- 
ing and, therefore accumulate as large IgM''' 
cells. Alternatively, these cells may result 
from a selection bias in which B cells can 
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bypass the absence of BLNK by increasing 
membrane Ig expression and decreasing the 
signaling threshold. As CD45~^~ immature 
B cells expressing a transgenic BCR can be 
rescued from death by chronic exposure to 
antigen (25), heightened BCR signaling may 
bypass the requirement for CD45. Similarly, 



BLNK deficiency may abolish development 
and result in the death of most B cells, except 
those that express very large amounts of IgM, 
which partially compensates for the signaling 
defect incurred by BLNK deficiency. The 
IgM+ + BLNK^^~ B cells could increase free 
cytoplasmic calcium after BCR cross-linking. 



Fig. 3. B cell develop- 
ment in BLNK~^~ mice. 
Cells isolated from 
bone marrow (A), 
spleen (B), and lymph 
nodes (C) of 3- to 
5-week-old animals 
were stained with the 
antibodies indicated in 
each figure and ana- 
lyzed by FACS analysis 
(27). Data from both 
R2:BLNK~^~ chimeric 
[left two panels for (A) 
through (C)] and germ 
line [right two panels 
for (A) through (C)] 
mice are shown. In the 
RAG2~'~ blastocyst 
complementation as- 
say, 129 wild-type and 
RAGZ"'~ age-matched 
mice were analyzed in 
parallel as controls 
(74). No differences 
were detected between 
BLNK"-^-^ and BLNK^^- 
mice (74). The percent- 
ages of gated cells are 
indicated. These analy- 
ses were representative 
of a minimum of five 
pairs each of RAC2~^~ 
chimeric and germ line 
animals. Experiments 
from both approaches 
produced similar re- 
sults. (D) Peritoneal 
cells isolated from 6- to 
13-week-old mice were 
stained with the anti- 
bodies indicated and 
analyzed by FACS anal- 
ysis (27). Cell recover- 
ies were comparable in 
yield from BLNK+f~ 
and BLNK'^- mice 
[4.5 X for BLNK+f- 
and (3.2 ± 0.6) x 10^ 
for BLNK- ^- mice, n = 

5]. 
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albeit less efficiently than wild-type cells, 
despite expressing 10- to 50-fold more mem- 
brane IgM than BLNK"-^-^ B cells {26) (Fig. 
4D). In addition, BLNK^^' B cells also up- 
regulate CD69 and CD86 cell surface activa- 
tion markers after BCR cross-linking (27) 
(Fig. 4E). Hence, these large IgM^ 
BLNK"^- B cells are capable of some BCR- 
mediated signaling functions. 

We also analyzed the development of a 
distinct subset of B cells known as B-la cells. 
These cells are distinguished from conventional 
B-2 cells by their expression of CD5 and their 
capacity for self-renewal (28). Whereas 
BLNK^^-^ and BLNK"^^- mice had compaiable 
numbers of peritoneal cells, BLMK"^^ mice 
had a substantial decrease in the CDS^IgM**" 
B-la B cell population (<1%) in the peritone- 
um in young and old mice (Fig. 3D) (14). In 
addition, CD5-CD1 Ib^^IgM^ B-lb B cells 
were also absent (<0.5%) in the peritoneum 
and the spleen of BLNK'^~ mice (14, 29). 
Hence, BLNK is also required for development 
of B-1 cells. 



Because signals from both the pre-B and 
IgM BCRs are required for normal B cell de- 
velopment (7, 30% these studies showed the 
critical role of BLNK in the development of 
IgM"*" cells. Similar to syk~^~ mice (P), the 
absence of BLNK also compromises pre-BCR 
function to affect the development of 
B220+CD43~ B cells that, in turn, limit their 
differentiation into B220^'IgM+ B cells in the 
bone marrow. As a result, few B cells are 
present in the periphery. However, whereas the 
IgM^ B cells that develop in syk~^~ mice 
express little membrane IgM (P), the B cells 
that accumulate in BLNK~^~ mice express 
large amounts of membrane IgM (Fig. 4B). 
This difference suggests that additional sub- 
strates of Syk might exist to partially transduce 
pre-BCR signals in the absence of BLNK. In 
accordance with this, the IgM+ + B cells that 
accumulate in tiie periphery of oldQtBLNK"^" 
mice can generate second messengers after 
BCR activation. Additional studies aimed at 
comparing syk~'^~ and BLNK~^~ mice will be 
required to assess this possibility. 



Finally, the developmental block at the pro- 
to pre-B cell transition observed in a BLNK- 
deficient patient is similar, though not identical, 
to the phenotype observed in BLNK~^~ mice 
(31). Although IgM**' B cells accumulate in the 
periphery of BLNK~^~ mice, no peripheral B 
cells were detected in this adult patient. Similar 
discordance in phenotypes has been observed in 
immunodeficiencies involving Btk and \5 in 
which the human phenotype appears to be more 
severe than the murine phenotype (32), These 
differences may reflect a greater dependence on 
pre-BCR function in human B cell develop- 
ment, a species-specific difference in the regu- 
lation of signaling molecules that dictate acti- 
vation thresholds, or both. Such species-specif- 
ic differences have been observed in T cell 
development in which Syk is more highly ex- 
pressed in developing human CD4^ T cells 
than in murine CD4"^ T cells and may provide 
a mechanism to explain the phenot5^ic differ- 
ences observed between ZAP-70-deficient 
mice and humans (33). Additional investigation 
is required to determine whether species-specif- 
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Fig, 4. Decreased 
maturation of B cell 
development and 
function in BLHK~'~ 
mice. (A) Splenocytes 
isolated from 3- to 
5-week-old BLNK^^^ 
or BLNK"^- mice 
were analyzed by 
FACS staining for Igl^ 
and IgD (27). (B) 
Splenocytes from old- 
er B/.NK+'+ or 
BLNK-'- mice (8 to 
13 weeks old) were 
stained with the anti- 
bodies indicated in 
each figure and ana- 
lyzed by FACS analy- 
sis (27). The percent- 
ages of gated cells are 
indicated. BLNK~'- 
spleens were reduced 
in cell number by 
—70% as compared 
to BLNK^/+ spleens 
[14, 18) (see text for 
absolute numbers of 
cells recovered). (C) 
Serum immunoglobu- 
lin levels of 8- to 13- 
week-old wild-type, 
germ line BLNK'^- 
andRZiBLNK-^- mice 
were determined by 
ELISA (23). Each dia- 
mond represents the 
value derived from an 
individual mouse. The 
black bar denotes the 

mean of each group. (D) B220+ B cells from older BLNK^'-^ (solid line) 
and BLNK~' (dotted line) mice were analyzed by FACS analysis for 
increases in [Ca^'^]; after BCR cross-linking with antibody to IgM F(ab')2 
fragments (20 and 40 |xg/ml) (26), Antibody to IgM F(ab')2 was added 
at time 0 at the indicated concentrations, lonomycin was added at 5 
min to ensure proper loading of cells with Fluo-4. Diamond, BLNK'*'''^ 
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splenocytes; square, BLNK-^' splenocytes. (E) B220+ B cells from 
older BLNK^'"^ (top) and BiNK~'- (bottom) mice were analyzed by 
FACS analysis for up-regulation of CD69 and CD86 expression after 
BCR cross-linking (27). The dotted line represents cells treated with 
media. The solid line represents cells treated with antibody to IgM 
F(ab')2 (10 fxg/ml). 
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ic differences in the regulation of BLNK or 
other regulators of B cell development may 
account for the differences observed between 
human and murine BLNK deficiencies. How- 
ever, the present studies in a human and in mice 
demonstrate a central role for BLNK in relay- 
ing signals in the pre-BCR and BCR signaling 
pathways. 
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mology to SLP-76 (I, 2). Once BLNK is phos- 
phoiylated by Syk, it serves as a scaffold to 
assemble the downstream targets of antigen 
activation, including Grb2, Vav, Nek, and 
phospholipase C-^ (PLC7). Hence, BLNK is 
positioned to coordinate a number of signaling 
pathways activated by the BCR. Studies in a 
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The signal transduction events that control the progenitor B cell (pro-B cell) to 
precursor B cell (pre-B cell) transition have not been well delineated. In eval- 
uating patients with absent B cells, a male with a homozygous splice defect in 
the cytoplasmic adapter protein BLNK (B celt linker protein) was identified. 
Although this patient had normal numbers of pro-B cells, he had no pre-B cells 
or mature B cells, indicating that BLNK plays a critical role in orchestrating the 
pro-B cell to pre-B cell transition. The Immune system and overall growth and 
development were otherwise normal in this patient, suggesting that BLNK 
function is highly specific 
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ic differences in the regulation of BLNK or 
other regulators of B cell development may 
account for the differences observed between 
human and murine BLNK deficiencies. How- 
ever, the present studies in a human and in mice 
demonstrate a central role for BLNK in relay- 
ing signals in the pre-BCR and BCR signaling 
pathways. 
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mology to SLP-76 (1. 2), Once BLNK is phos- 
phorylated by Syk, it serves as a scaffold to 
assemble the downstream targets of antigen 
activation, including Grb2, Vav, Nek, and 
phospholipase C-^ (PLC7). Hence, BLNK is 
positioned to coordinate a number of signaling 
pathways activated by the BCR. Studies in a 



An Essential Role for BLNK in 
Human B Cell Development 

Yoshiyuki Minegishi/ Jurg Rohrer,'' Elaine Coustan-Smith,^ 
Howard M. Lederman,^ Rajita Pappu/ Dario Campana/'^ 
Andrew C Chan/ Mary Ellen Conley***^* 

The signal transduction events that control the progenitor B cell (pro-B cell) to 
precursor B cell (pre-B cell) transition have not been well delineated, in eval- 
uating patients with absent B cells, a male with a homozygous splice defect in 
the cytoplasmic adapter protein BLNK (B celt linker protein) was identified. 
Although this patient had normal numbers of pro-B cells, he had no pre-B cells 
or mature B cells, indicating that BLNK plays a critical role in orchestrating the 
pro-B cell to pre-B cell transition. The immune system and overall growth and 
development were otherwise normal in this patient, suggesting that BLNK 
function is highly specific 
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BLNK-deficient DT40 chicken B cell line in- 
dicate that this adapter is required for the re- 
lease of intracellular calcium and the activation 
of the extracellular signal-regulated protein ki- 
nase, c-Jun NHj -terminal kinase, and p38 path- 
ways in response to anti-immunoglobulin M 
(IgM) stimulation (3). If BLNK plays a nonre- 
dundant role in mammalian B cell develop- 
ment, mutations in BLNK might result in im- 
munodeficiency. 

About 85% of patients with early onset hy- 
pogammaglobulinemia and absent B cells are 
males with X-linked agammaglobulinemia 
(XL A) (4), These patients have mutations in the 
cytoplasmic tyrosine kinase Btk (5). Some of 
the remaining patients have defects in compo- 
nents of the pre-B cell receptor (pre-BCR) or 
BCR (tf, 7); however, the nature of the defect in 
many patients remains unknown. To determine 
if mutations in BLNK could give rise to human 
immunodeficiency, we isolated and character- 
ized a bacterial artificial chromosome clone 
containing the human genomic BLNK se- 
quence. Fluorescence in situ hybridization dem- 
onstrated that BLNK is located on chromosome 
10q23.22. The gene consists of 17 exons spread 
over --65 kb of DNA. Primers were designed to 
amplify individual exons by polymerase chain 
reaction (PGR) for analysis by single-strand 
conformation polymorphism (SSCP) (8), 
Genomic DNA samples were analyzed from 25 
patients with a Btk-deficient phenotype, in 
whom we had not identified mutations in Btk, \i 
heavy chain, Iga (mb-1), Igp (B29), or the 
surrogate light chain. DNA from one patient, a 
20-year-oId male with early onset hypogamma- 
globulinemia and absent B cells, demonstrated a 
homozygous alteration in the first exon of 
BLNK and its flanking intronic sequence (Fig. 
1), This portion of the gene was cloned and 
sequenced, and two noncontiguous base-pair 
substitutions were identified (P). The first alter- 
ation, a C to A substitution, occurred at the third 
base-pair position in codon 10, which encodes a 
proline. This base-pair substitution does not 
change the amino acid sequence of BLNK. The 
second alteration, an A to T substitution, was 
found at the +3 position of the splice donor site 
for intron 1 , 20 base pairs downstream from the 
alteration in codon 10. SSCP analysis of DNA 
from 100 unrelated individuals did not reveal 
any fragments with a migration pattern identical 
to that seen in the patient (10). 
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The A to T substitution at the +3 position of 
the splice donor site occurs at a highly con- 
served site in the splice consensus sequence; 
alterations at this site would be expected to 
result in faulty processing of the BLNK mes- 
sage (J I), To evaluate this possibility, we de- 
rived cDNA from the patient's bone marrow 
and used reverse transcriptase-PCR (RT-PCR) 
to exaimne the abundance of BLNK transcripts 
(J2). The results were compared with those 
obtained from bone marrow of healthy subjects 
or patients with mutations in Btk or |ji heavy 
chain (Fig. 2). No BLNK transcripts could be 
amplified from the patient's bone marrow, al- 
though BLNK transcripts were easily identified 
in the bone marrow of the other patients with 
defects in early B cell development. Other 
genes expressed in pro-B cells, including Btk, 
terminal deoxynucleotidyl transferase (TdT), 
and X5, were expressed in approximately equal 
amounts in all of the patients. These results 
indicate that the base-pair substitutions in 
BLNK resulted in a marked reduction or ab- 
sence in BLNK transcripts and therefore in 
BLNK protem. 
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The patient with BLNK deficiency demon- 
strated normal growth and development. At 8 
months of age, he had the onset of recurrent 
otitis. After two episodes of pneumonia, he was 
evaluated for immunodeficiency at 16 months 
of age. At that fime, he had no detectable serum 
IgG, IgM, or IgA, and he had <1% B cells in 
the peripheral circulation. He was started on 
gammaglobulin replacement, and between 2 
and 20 years of age, he did well except for 
chronic otitis and sinusitis, hepatitis C acquired 
from intravenous gammaglobulin, and an epi- 
sode of protem-losing enteropathy in adoles- 
cence. Immunologic studies performed when 
the BLNK-deficient patient was 20 years of age 
demonstrated serum concentrations of IgM and 
IgA of <7 mg/dl, normal numbers and percent- 
ages of CD4 and CD8+ T cells and natural 
killer cells, and normal numbers of platelets and 
myeloid cells. The patient's mother and father, 
who were heterozygous for both base-pair sub- 
stitutions m BLNK, were healthy and had nor- 
mal concentrations of serum immunoglobulins 
and normal numbers of B cells (13). An older 
brother developed recurrent otitis at 6 months 
of age and died at 16 months of age of pseudo- 
monas sepsis and neutropenia. 

Immunofluorescence analysis of peripheral 
blood lymphocytes from the patient with 
BLNK deficiency and an age-matched patient 
with an amino acid substitution in the pleckstrin 
homology domain of Btk demonstrated that 
both patients had <0.01% CD19+ cells m the 
blood (14), To determine the point in B cell 
differentiation at which the block in develop- 
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Fig. 1. Characterization of the BLNK mutation 
in an immunodeficient patient. (A) Genomic 
DNA samples from 14 patients with defects in 
B cell development and a control (lane C) were 
analyzed by SSCP for defects in the first exon of 
BLNK and its flanking sequences, DNA from the 
patient is shown in lane 2. (B) Sequence anal- 
ysis at the exon-intron border demonstrated 
two base-pair substitutions, as indicated. (C) 
The consensus sequence for a mammalian 5' 
splice donor site is shown with the wild-type 
and mutant BLNK exon 1/intron 1 sequence. 
The coding sequence is shown in capital letters; 
the intronic sequence is in lowercase letters. 



Fig. 2. RT-PCR analysis of B cell-specific tran- 
scripts in patients with defects in B cell devel- 
opment. RNA from the following sources was 
reverse transcribed: the bone marrow of a nor- 
. mal control (lane 1), a patient with an amino 
acid substitution in codon 113 of Btic (lane 2), a 
patient with a 4-bp deletion in the coding 
sequence of Btk (lane 3), the patient with mu- 
tations In BLNK (lane 4), and a patient with an 
amino acid substitution at an invariant cysteine 
in CH4 of jjL heavy chain (lane S). The cDNA 
was used as a template for RT-PCR with prim- 
ers specific for tiie coding regions of BLNK, Btk, 
TdT, X5, and the control transcript. GAPDH, 
Molecular weight markers are shown on the left 
(lane M), and a cDNA negative control is shown 
on the right (lane 6). 
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ment occurred, we examined bone msmaw 
from both patients using markers that distin- 
guish pro-B cells from pre-B cells and mature B 
cells. The percentage of CD 19^ B lineage cells 
was less in the patients in comparison to that of 
the control (0.3% in the BLNK-deficient patient 
and 1.0% in the Btk-deficient patient versus 
1 5.7% in the control). There were no membrane 
immunoglobuHn-positive (mlg"^ ) mature B 
cells in either patient (Fig. 3). In both patients, 
the block in B cell differentiation occurred at 
the pro-B cell to pre-B cell transition; >80% of 
the CD19^ cells from these patients coex- 
pressed the pro-B cell marker, CD34. In con- 
trast, only 22.0% of the CD 19+ cells from the 
control were positive for CD34; the remaining 



cells from the control were either pre-B cells 
(CD34", CD19+, and mlg") or B cells 
(CD34-, CD19+, and mlg"^). 

To document that BLNK is expressed in 
pro-B cells, we indirectly stained permeabilized 
bone marrow cells from the Btk- and BLNK- 
deficient patients with a monoclonal antibody 
to BLNK {14). All of the CD19+ pro-B cells 
from the Btk-deficient patient were positive for 
BLNK (Fig. 4). By contrast, there was little or 
no staining for BLNK in the bone marrow of 
the patient with mutations in BLNK. Because 
BLNK is expressed in pro-B cells, the possibil- 
ity that BLNK is required before the expression 
of the pre-BCR was examined. In previous 
studies, we have shown that patients with de- 
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Fig. 3. Immunofluores- 
cence analysis of B lin- 
eage cells. Bone mar- 
row mononuclear cells 
from a normal individ- 
ual (left column), from 
a patient with Btlc-def i- 
cient XLA (middle col- 
umn), and from the 
BLNK-deficient patient 
(rigiit column) were la- 
beled with antibody to 
CD19 PE, antibody to 
CD34 PerCP, and anti- 
body to Ig K and X. light 
chains FITC Flow cyto- 
metric dot plots in the 
top row illustrate CD 19 
staining versus side 
scatter (SSC); both pa- 
tients had reduced pro- 
portions of 0019+ 
cells. Gated 
lymphoid cells were 
then analyzed for ex- 
pression of mig light 
chains (middle row) 
and CD34 (bottom 
row). Percentages of 
mlg+ and 0034**- 
among CD 19"*^ cells are indicated. 



Fig. 4. (A) BLNK protein expression in pro-B 
cells. Bone marrow mononuclear cells from age- 
matched patients with BLNK (left) or Btk (right) 
deficiency were labeled with antibody to CD 19 
(Igl^), permeabilized, and labeled with monoclo- 
nal antibody to BLNK (lgG2a). Goat antibody to 
mouse IgM PE and IgC FITC was then added. Dot 
plots lllustratie immunofluorescence staining of 
lymphoid cells. Quadrants were set at the upper 
limits of the isotype-matched nonreactive anti- 
body fluorescence. The BLNK^ CD 19" cells seen 
in the Btk-deficient patient were CD34" and 
were similar to monocytes in forward and side 
light scatter. (B) Semiquantitative RT-PCR anal- 
ysis to evaluate the amount of VDJ-rearranged fx 
heavy-chain transcripts. Bone marrow cDNA 
from an age-matched control (lane 1), a patient 
with XLA (lane 2), the patient with BLNK defl- 
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ciency (lane 3), a patient with p, heavy chain deficiency (lane 4), and a cDNA negative control (lane 
5) and three 10-fold dilutions of control cDNA (IX, 0.1 X, and 0,01 X) (lanes 6 through 8, 
respectively) were amplified with primers specific for VDJ-rearranged |x heavy chain and TdT, which 
was used as a control to demonstrate equal concentrations of pro-B cell transcripts. 



fects in the constant region of the heavy chain 
or the Iga signal transduction component of the 
BCR have small amounts of transcripts for 
rearranged iul heavy chain genes in the bone 
manx)w as detected by RT-PCR (7). Rear- 
rangement of the \L heavy chain occurs imme- 
diately before the pro-B cell to pre-B cell tran- 
sition. A primer that hybridizes to a conserved 
sequence within ftamework region 3 of vari- 
able-region genes and a primer within the CHI 
domain of \l heavy chain were used to examine 
cDNA from a control and patients with defects 
in B cell development (7), A small number of 
rearranged heavy chain transcripts could be 
detected in the bone marrow of the patient with 
mutations in BLNK as well as in patients that 
were Btk and p, heavy chain deficient. Thus, 
BLNK does not play a role in B cell develop- 
ment before the expression of the pre-BCR. 
This corresponds with earlier studies showing 
that phosphorylation of BLNK is dependent on 
cell surface expression of a BCR (75). 

Cell surface expression of the pre-BCR 
results in a strong survival signal associated 
with the cessation of |x heavy chain gene 
rearrangements, changes in cell surface phe- 
notype, and marked expansion of the pre-B 
cell population {16), The absence of pre-B 
cells or B cells in the patient with mutations 
in BLNK demonstrates that BLNK plays a 
critical role in orchestrating these signals. 
Like defects in Btk and A.5 {5, 6, 17), muta- 
tions in BLNK appear to have more severe 
consequences in the human as compared to 
the mouse {18), This suggests that the re- 
quirements for signaling through the pre- 
BCR and BCR may be more stringent in the 
human than in the mouse. There may be a 
reciprocal reliance on signaling through other 
pathways in murine B cell development. For 
example, the consequences of defective sig- 
naling through interleukin-7 are more severe 
in the mouse as compared to the human {19), 

In T cells, the functions performed by 
BLNK appear to be split between LAT 
(linker for activation of T cells), which 
binds to phophatidylinositol 3 -kinase, Grb- 
2, and PLC-v {20), and SLP-76, which binds 
GrpL, Nek, Vav, and FYB (FYN binding 
protein) {21), Mice lacking LAT {22) or 
SLP-76 {23, 24) have a block in T cell 
development at the pro-T to pre-T cell 
stage of development. In the newborn pe- 
riod, SLP-76 -deficient mice also develop a 
hemorrhagic diathesis, which is related to 
the requirements for SLP-76 in collagen- 
mediated platelet activation {24, 25). These 
studies, when coupled with our findings 
showing that BLNK is required for normal 
B cell development in the human and the 
mouse, indicate that adapter proteins play a 
critical role in highly specific signaling 
pathways, and they suggest that defects in 
adapter proteins like LAT or SLP-76 may 
result in human immunodeficiency. 
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FHL is a hemophagocytic lymphohistiocytic 
disorder in which previously healthy young chil- 
dren present with fever, splenomegaly, hepato- 
megaly, pancytopenia, coagulation abnormali- 
ties, neurological abnormalities, and high serum 
concentrations of interferon-'y (IFN-7) and tu- 
mor necrosis factor-a (TNF-a). Accumulation 
of activated macrophages and lymphocytes, 
mainly CD8"^ human lymphocyte antigen DR"*" 
Fas"*^ T cells, as well as hematophagocytosis in 
the bone marrow, spleen, liver, lymph nodes, 
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and central nervous system, dominate the pa- 
thology (1-3). Defective T and natural killer 
(NK) cell cytotoxicity is consistently reported 
(4^ 5). We hypothesized that the primary inher- 
ited defect in FHL could be a failure of cytolytic 
lymphocyte function and that this, together with 
childhood infections 7), induces the fatal 
immune deregulation of FHL. 

The gene encoding perforin, an important 
mediator of lymphocyte cytotoxicity, has 
been mapped to 10q22 (5), near one of the 
previously identified FHL-linked loci (P, JO). 
Thus, perforin deficiency may play a role in 
the pathogenesis of FHL. Unlike patients 
with FHL, perforin knockout mice are gener- 
ally healthy when maintained in a pathogen- 
firee, controlled envirormient. However, when 
infected with lymphocytic choriomeningitis 
virus (LCMV), similar CD8+ T cell- IFN- 
7-, TNF-ot~ dependent immunopathology 
and mortality are seen J 2). 

We first confirmed the presence of perforin 
(PRFl) in the candidate region by polymerase 
chain reaction (PCR) screening a partial yeast 
artificial chromosome (YAC) contig covering 
the FHL region on chromosome 10 using prim- 
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Familial hemophagocytic lymphohistiocytosis (FHL) is a rare, rapidly fatal, auto- 
somal recessive immune disorder characterized by uncontrolled activation of T cells 
and macrophages and overproduction of inflammatory cytokines. Linkage analyses 
indicate that FHL is genetically heterogeneous and linked to 9q21.3-22, 10q21-22, 
or another as yet undefined locus. Sequencing of the coding regions of the perforin 
gene of eight unrelated 10q21-22-llnked FHL patients revealed homo^gous non- 
sense mutations in four patients and missense mutations in the other four patients. 
Cultured lymphocytes from patients had defective cytotoxic activity, and immu- 
nostaining revealed little or no perforin In the granules. Thus, defects in perforin 
are responsible for 10q21-22-4inked FHL Perforin-based effector systems are, 
therefore, involved not only in the lysis of abnormal cells but also in the down- 
regulation of cellular immune activation. 
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